ABSTRACT. We followed 183 infants from birth to 2.3 yr of age. Of these infants 28 had recurrent otitis media (ROM), defined as five or more separate episodes of otitis media (OM) during the first 2 yr of life or four such episodes during their 2nd yr. The O M presented during their 1st yr (early-onset ROM) in 12 infants and during their 2nd yr (2nd yr ROM) in 16. Eighty infants had no O M and served as a comparison group. Regarding type of feeding, the infants with early-onset ROM did not differ from their age-matched pairs in the comparison group either 1 month before the first O M or at the time of first episode of OM. Exclusive breast-feeding did not prevent O M and early weaning was not a risk factor for ROM. Atopy was associated with ROM with a relative risk of 1.9 (95% confidence limits 1.2-3.2). It was particularly prevalent among the infants with early-onset ROM, in 67 versus in 25% in the comparison group ( p < 0.01). During , the 2nd yr daily contact with five or more children was associated with ROM with a relative risk of 2.1 (1.3-3.3). The infants with 2nd-yr ROM were in daily contact with more children than the comparison group (mean 11 versus 5; p < 0.001). Parental smoking was more frequent among the infants with ROM than in the comparison group (54 versus 33%; p < 0.05). In the infants with early-onset ROM plasma concentration of IgM antibodies to cow's milk was highest at the age of 9 months, and the concentration of IgE was highest at the ages of 9 and 12 months. In conclusion atopy, not the type of feeding, is a risk factor for early-onset ROM, and daycare outside the home for ROM during the 2nd yr. (Pediatr Res 23: 509-512,1988) Abbreviations OM, otitis media ROM, recurrent otitis media CM, cow's milk CMA, cow's milk allergy OM may occur in early infancy, but its incidence increases rapidly after the age of 6 months (1, 2). In a Finnish follow-up study 5% of infants had OM during the first 6 months of life, 36% during their 1st yr, and 59% during their 2nd and 3rd yr (3). Several risk factors have been identified: daycare outside the home (4), enlarged adenoids (5), feeding in the horizontal position (6), smoking at home (7), and atopy (8,9), particularly food allergy (9). Some studies suggest a protective effect of breast- feeding (3, 10, I I) but others detect none (2, 13). Any study of the impact of feeding on morbidity is beset with numerous methodologic limitations (14) .
ROM plasma concentration of IgM antibodies to cow's milk was highest at the age of 9 months, and the concentration of IgE was highest at the ages of 9 and 12 months. In conclusion atopy, not the type of feeding, is a risk factor for early-onset ROM, and daycare outside the home for ROM during the 2nd yr. (Pediatr Res 23: 509-512,1988) Abbreviations OM, otitis media ROM, recurrent otitis media CM, cow's milk CMA, cow's milk allergy OM may occur in early infancy, but its incidence increases rapidly after the age of 6 months (1, 2) . In a Finnish follow-up study 5% of infants had OM during the first 6 months of life, 36% during their 1st yr, and 59% during their 2nd and 3rd yr (3) . Several risk factors have been identified: daycare outside the home (4), enlarged adenoids (5) , feeding in the horizontal position (6) , smoking at home (7) , and atopy (8, 9) , particularly food allergy (9) . Some studies suggest a protective effect of breast-feeding (3, 10, I I) but others detect none (2, 13) . Any study of the impact of feeding on morbidity is beset with numerous methodologic limitations (14) .
In this prospective study we followed 198 infants throughout the 1st yr of life, carefully recording their feeding regimen, illnesses, and environment. For 183 of the infants similar data were obtained from the parents regarding the 2nd yr by a detailed questionnaire. From these data we analyzed the risk factors for ROM.
MATERIALS AND METHODS
We followed 198 healthy newborns from birth; they were seen at clinic visits at 2, 4, 6, 9, and 12 months of age, and whenever they had any problems regarding feeding, nursing, or illness. At a mean age of 2.3 yr 60 of the infants were examined by one of us (V-M.T.), and a questionnaire was sent to each family. The questionnaire was returned by 183 families. Data concerning health, feeding, and socioenvironmental factors were recorded at each visit and from the questionnaire (1 5-17) . All medical care during the 1st year was provided by one pediatrician (L.S.). The illnesses during the 2nd yr were treated by physicians chosen by the parents. The services of health center physicians are free of charge. General health insurance covers part of the fees of private practioners, and additional voluntary insurance usually covers such fees completely. Therefore parents seek medical care for their infants very readily, and pediatric and otologic services are commonly used. A venous blood sample was taken at each clinic visit, and levels of plasma IgE and cows' milk antibodies were measured (15) (16) (17) . The plasma levels of IgG and IgM CM antibodies are expressed as percentages of a standard plasma with a high level of CM antibodies.
OM was defined as an otoscopic loss of translucency and landmarks, clear inflammation or bulging of, lack of mobility of, or purulent discharge from the tympanic membrane. Infants with OM or ROM were symptomatic.
ROM was defined as the number of separate episodes of OM occurring in the 90th percentile of the whole series of infants during the first 2 yr (five episodes), or in the 95th percentile during the 2nd yr (four episodes). An OM occurring 2 months after a previous OM and after a normal otoscopic finding during the interval was regarded as a separate episode. Early-onset ROM was ROM with the first OM during the 1st yr, and 2nd-yr ROM was ROM with first OM during the 2nd yr.
Atopy. The diagnosis was based on the presence of pruritic d j dermatitis, urticarial eruption, three or more episodes of wheezy bronchitis, or three of the following: rhinorrhea lasting more than 1 month, frequent itching and/or watering of the eyes, two episodes of wheezy bronchitis, gastrointestinal symptoms provoked by foods (16) . The most frequent problems were cutaneous.
CMA was diagnosed if skin, respiratory, or gastrointestinal signs developed repeatedly after ingestion of cow's milk and 5 10 TAINIO disappeared on a cow's milk-free diet, and were provoked by a cow's milk challenge test at hospital.
Feeding. All mothers were encouraged to breast-feed as long as possible. Of the 198 infants, 32 were completely weaned by 3.5 months of age. At 6 months of age 101 and at 9 months 31 infants were still exclusively breast-fed, having no milk formula or other complementary food. The weaned infants followed a standard dietary program including an adapted formula (Tutteli, Valio, Ltd Helsinki; protein concentration 16 g/liter), fruit and vegetables from 3 months of age, and cereals and meat from 5 months. Pasteurized whole cow's milk was substituted for the formula from 9 months. For 98 infants, the most frequent food allergens (eggs, fish, tomatoes, citrus fruit, chocolate, peas, and strawberries) were excluded from the diet until 12 months of age, on the advice given by well baby clinics to the families with a history of atopy.
Socioeconomic background. Of the mothers, 23% had an academic background and another 39% had some other form of higher education; 65% were employed until shortly before the infant's birth, and 38-59% were employed during the follow-up after a maternity leave of 10 months. By self-assessment the economic status was good in 28% of the families, satisfactory in 64%, and unsatisfactory in 8 % . The mean housing space was 16 + 7 (SD) m2/person. There were three single mothers. In 42% of the families the infant was the only child, 22% of families had two children, and 36% three or more children.
Smoking habits and pets. Of the mothers 15% and of the fathers 32% were smokers, and in 36% of the families either one or both smoked. Smoking took place mainly outside the home. Smoking is forbidden in daycare family homes and daycare centers. A pet was present in 20% of the homes.
Daycare and contact with other children. At 12 months of age 62% of the infants were cared for at home by their own mother, 18% in another family-type arrangement, and 20% at a public daycare center. At 24 months the respective numbers were 41, 29, and 24%; 6% had another arrangement. The median number of children in home care was two, in the family-type setting four, and at a daycare center 12.
Statistical analyses. The x2, t tests, and multivariate analysis of variance were used for comparisons. Because of skewness of distributions of plasma IgE and cow's milk antibodies, values were analyzed after log transformation. Predictive factors for ROM and for more than one, two, three, four, or five episodes of OM were searched for by stepwise logistic regression. Seventeen variables were tested. The variables were treated as categorical. Some variables were categorical by nature (variables 6, 7, 8, 16 , and 17) and others were divided into two categories either in a way that was relevant for the study (i.e., daycare at home or outside the home) or by choosing a cutoff point using the distribution of the whole series of 183 infants (Table 1) .
RESULTS
OM. For the study of ROM, the following groups were distinguished among the series of 183 infants: ROM 28 infants, earlyonset ROM 12 infants, 2nd-yr ROM 16 infants, and a comparison group of 80 infants who had no OM during their first 2 yr. In addition 15 1 infants had no OM during their 1st year and 96 during their 2nd yr. In 14 of the 28 infants with ROM adenoidectomy was done and nine had typanostomy tubes placed. Of the total number of otorhinologic operations in the series, 70% were in infants with ROM.
Upper respiratory tract infections. The frequency of upper respiratory tract infections was not a risk factor for ROM (Table  1) . However, during the 1st yr such illnesses were more frequent in the infants with ROM than in the comparison group (6.0 + 0.6 versus 4.0 + 0.2 infections, p < 0.01). There was no such difference during the 2nd yr (2.8 + 0.3 versus 3.4 + 0.5, respectively).
Feeding. None of the feeding variables tested were risk factors Table 2 ). The infants with earlyonset or 2nd-yr ROM did not differ from the comparison group in this respect (Tables 3 and 4 ). The 34 infants with one or more episodes of OM during the 1st yr of life were compared with matched pairs from the comparison group (matched for age, season of birth, smoking of parents, type of daycare, and own atopy) 1 month before the first OM and at the time of first episode of OM. There were altogether three more pairs in whom at the time of the first episode of OM, the infant with OM was weaned more fully than the comparison infant. The infants with early-onset ROM were compared with their matched pairs. Altogether there were no statistical significant differences in these comparisons. Ongoing breast-feeding did not prevent OM; six of the 12 infants with early-onset ROM had the first OM when still exclusively breast-fed and two others when partially breast-fed.
Atopy appeared in 14 infants during the 1st yr and in another 3 1 during the 2nd yr. It was associated with a 1.9-fold relative risk of ROM (Table 1) and was more common among the infants with ROM than in the comparison group (50 versus 25%, p. < 0.01). The prevalence of atopy was higher among infants mth early-onset ROM than in those with 2nd-yr ROM (67 versus 38%, p < 0.05). The infants with early-onset ROM had the highest concentration of plasma IgE at 9 and 12 months of age (Table 5) .
CMA was not a risk factor for ROM (Table 1) . Seven infants had cutaneous CMA during the 1st yr. They tended to have OM more frequently during the 1st yr than the others (1.5 + 0.6 versus 0.4 + 0.1; p < 0.1). Only two of these seven infants had no OM during the 1st year versus 145 of the other 186 infants ( p < 0.00 1). However, only one of the seyen infants with CMA had ROM. * Relative risk is given only where significantly > 1.0. The other 13 variables in Table 1 were not significant risk factors for OM or its recurrence. *There were no statistically significant differences between these groups, or between all infants with and those without ROM. *There were no statistically significant differences between these groups or even between all infants with and without ROM.
RISK FACTORS FOR INFANTILE ROM
Cow's milk antibodies. The mean levels of IgG cow's milk antibodies were similar in the ROM group and the comparison group. At 12 months of age a higher proportion of infants with ROM than of the comparison group (22 versus 6%, p < 0.05) had supranormal (>2.0 SD) levels of IgG cow's milk antibodies. At 9 months of age the infants with early-onset ROM had a higher mean level of IgM cow's milk antibodies than the infants with 2nd-yr ROM (58 versus 12%, of the standard plasma, p < 0.05).
Socioeconomic background. The group with ROM did not differ from the comparison group in the educational level of the mother or the economic status of the family. The mean absolute and relative size of the home was similar, as was the mean size of the family.
Number of child contacts and day-care. The number of daily child contacts during the 2nd yr was a predictive factor for ROM. The relative risk was 2.1 (Table 1 ) if the number of child contacts was five or more. During their 2nd yr the infants with 2nd-yr ROM had daily contacts with a mean of 1 1 versus five children for the infants with early-onset ROM and five for the comparison group ( p < 0.001). Daycare outside the home at the age of 1.0 yr was also a risk factor for ROM (Table I) , even for the first episode of OM ( Table 2 ). The proportion of infants having daycare outside the home during both their 1st and 2nd yr was higher among the infants with ROM than among those of the comparison group (59 and 69% versus 24 and 44%; p < 0.05).
The same was true for those attending a daycare center during their 2nd year (44 versus 18%, p < 0.05). However, 10 of the 12 infants with early-onset OM had the first OM when still being taken care of at home. Ten of 16 infants with 2nd-yr ROM had daycare outside the home when OM presented.
Smoking and pets. Of the parents, 55% smoked in the ROM group versus 33% in the comparison group ( p < 0.05). There was no such significant difference between the groups in the proportion of homes with a pet (16 versus 20%).
DISCUSSION
We noticed a rapid increase in the incidence of OM from 22% during the infants' 1st yr to 48% during their 2nd yr. The incidence of OM is highest during the first 2 yr of life (1) (2) 18) . Our values were close to those reported (2, 3, 18) . There are no accepted criteria for ROM; our definition (five or more episodes during the first 2 yr or four or more during the 2nd yr) resulted in an incidence of 15%. A similar incidence (1 3%) was found in another Finnish study (3), but much higher values (30%) have been reported (1, 2) .
We found different risk factors in infants with early-onset and 2nd-yr ROM. Most of the infants with early-onset ROM had atopy and the mean plasma level of IgE was higher in these infants than in the infants with 2nd yr ROM and those without OM. This association with atopy has been noted earlier in regard to secretory OM (19, 20) , but has recently been disputed (3, 21) . The majority of infants with early-onset ROM were partially or exclusively breast-fed, were cared for at home, and had a small number of daily child contacts at the time of the first episode of OM. In contrast, the infants with 2nd-yr ROM did not differ from the comparison group in the frequency of atopy. They had a large number of daily child contacts and were taken care outside the home during the 2nd yr of life; these were significant risk factors for ROM and for the recurrence.
Smoking by the parents may initate the respiratory mucosa and so predispose to ROM (7, 18, 23) but'today parents seem to be aware of this risk and avoid smoking at home or at least in the vicinity of the infant. Although parental smoking was not a risk factor for ROM, there were more smokers among parents of the infants with ROM than in the comparison group.
In our prospective study we tried to control and record all known confounding factors and we had detailed information about the feeding of the infants. We could study the simultaneous effect of many factors and identify independent risk factors for ROM by logistic regression analysis. These turned out to include no feeding variables. The mean durations of exclusive breastfeeding and of breast-feeding in general were similar in the infants with ROM and the comparison group. Thus prolongation of exclusive breast-feeding does not seem to afford added protection. All the infants were initially breast-fed and may have benefitted from this concerning the propensity toward ROM. 512 TAINIO ET AL. Significant differences between groups are indicated; * p < 0.05; t p < 0.01.
However, our study does not allow an evaluation of benefits of early breast-feeding. Neither short nor prolonged breast-feeding were risk factors for infantile atopy in our series (1 6). The total level of IgA was lower in the milk of the mothers whose infants became allergic to cow's milk than in mothers with nonallergic infants (24) . Thus the quality of the breast milk may be more important in confemng resistance to disease than the duration of breast-feeding. Cow's milk has been claimed to cause recurrence of OM in infancy either as an allergen (9) or as a direct imtant of the nasopharyngeal tubes in horizontal feeding (6) . OM was more common in the infants with CMA than in the others. but onlv one of the infants with CMA developed ROM. probably earl; detection of CMA with subsequent elimination diet and otorhinologic operations averted the cycle of infections. Another finding suggesting that cow's milk plays a role in ROM in some infants is the increased level of IgM antibodies to cow's milk in the plasma of these infants and the increased prevalence of supranormal levels of IgG antibody to cow's milk.
Our findings indicate that infantile ROM is associated with a number of predisposing factors. In some infants immune reactions are associated with cow's milk feeding. In infants developing ROM the most important risk factor in the 1st yr was their own atopy, in contrast to daycare outside the home and a large number of child contacts in the 2nd yr.
